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(57) ABSTRACT

An embodiment integrated circuit (e.g., diode) and method of
making the same. The embodiment integrated circuit includes
a well having a first doping type formed over a substrate
having the first doping type, the well including a fin, a source
formed over the well on a first side of the fin, the source
having a second doping type, a drain formed over the well on
a second side of the fin, the drain having the first doping type,
and a gate oxide formed over the fin, the gate oxide laterally
spaced apart from the source by a back off region of the fin.
The integrated circuit is compatible with a FinFET fabrica-
tion process.

20 Claims, 6 Drawing Sheets
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DIODE STRUCTURE COMPATIBLE WITH
FINFET PROCESS

This applicationis a continuation application of U.S. appli-
cation Ser. No. 13/689,327, entitled “Diode Structure Com-
patible With FinFET Process,” filed on Nov. 29, 2012, which
application is hereby incorporated herein by reference in its
entirety.

BACKGROUND

A diode is an electrical device allowing current to move
through it in one direction with far greater ease than in the
other. The most common kind of diode in modern circuit
design is the semiconductor diode.

Examples of the semiconductor diode include a shallow
trench isolation (STI) diode and a gated diode. Both of these
types of diodes generally have fast turn-on times and high
conductance, which makes them well-suited for electro-static
discharge (ESD) protection circuits.

In some cases, the gated diode may be formed using a fin
field-effect transistors (FinFET) process. FinFETs have
allowed the semiconductor industry to continue shrinking the
size and increasing the speed of individual FETs. Indeed,
FinFETs or multiple gate transistors may be used in sub 32
nm transistor nodes. FinFETs not only improve areal density
but also improve gate control of the channel.

Unfortunately, both gated diodes and STI diodes may suf-
fer from undesirable drawbacks.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawing, in which:

FIG. 1 is a conventional gated diode;

FIG. 2 is a conventional shallow trench isolation (STI)
diode;

FIG. 3 is an embodiment diode having a back off region
and compatible with a fin field-effect transistor (FinFET)
fabrication process;

FIG. 4 is a top plan view of the conventional gated diode of
FIG. 1,

FIG. 5 is a top plan view of the conventional STI diode of
FIG. 2;

FIG. 6 is a top plan view of the embodiment diode of FIG.
3;

FIG. 7 is a chart comparing the on resistance (R_,) and
reverse leakage current of the gated diode of FIG. 1, the STI
diode of FIG. 2, and the embodiment diode of FIG. 3;

FIG. 8 is a graphical illustration of an electrical field across
the region of the gate oxide in the gated diode of FIG. 2 is
provided;

FIG. 9 is a graphical illustration of an electrical field across
the region of the gate oxide in the embodiment diode of FIG.
3 is provided; and

FIG. 10 is a method of forming the embodiment diode of
FIG. 3.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
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2

however, that the present disclosure provides many appli-
cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative, and do not limit the scope of the
disclosure.

The present disclosure will be described with respect to
preferred embodiments in a specific context, namely a diode
structure compatible with a FinFET process. The disclosure
may also be applied, however, to other integrated circuits,
electronic structures, and the like.

Referring now to FIG. 1, a conventional gated diode 10,
which is formed using the FinFET process, is illustrated for
reference. As shown, the conventional gated diode 10
includes a substrate 12 (e.g., a p-type substrate) supporting a
well 14 (e.g., a p-well). A fin 16 (or portion of the well 14) is
disposed between a source 18 (e.g., a heavily-doped n-type
source) and a drain 20 (e.g., a heavily-doped p-type drain). As
shown, a gate oxide 22 (i.e., a gate) is disposed over the fin 16.
In addition, an input/output (I0) 24 is electrically coupled to
the source 18 and a ground 26 (Vss) is electrically coupled to
the gate 22 and the drain 20.

Unfortunately, the gated diode 10 of FIG. 1 suffers from
overstress issues when used in an overdrive application. For
example, when the 10 24 is supplied with more than about
three volts (e.g., 3.3V), the gate oxide 22 is overstressed and
may not survive. As such, the gated diode 10 may experience
a degraded performance or a complete failure.

Referring now to FIG. 2, a conventional shallow trench
isolation (STI) diode 28 is also illustrated for reference. As
shown, the conventional STI diode 28 includes a substrate 30
(e.g., a p-type substrate) supporting a well 32 (e.g., a p-well).
A pocket of shallow trench isolation (STI) 34 is formed
between a source 36 (e.g., a heavily-doped n-type source) and
a drain 38 (e.g., a heavily-doped p-type drain). An input/
output (TO) 40 is electrically coupled to the source 36 and a
ground 42 (Vss) is electrically coupled to the drain 38.

While the STI diode 28 of FIG. 2 avoids the overstress
condition detrimentally affecting the gated diode 10 of FIG.
1, the STI diode 28 has a relatively large on resistance (R_,,)
compared to the gated diode 10. Because of the large on
resistance, the STI diode 28 may experience a degraded per-
formance. In addition, the STI diode 28 is subject to the area
penalty.

Referring now to FIG. 3, an embodiment diode 44 compat-
ible witha FinFET formation process is illustrated. As shown,
the embodiment diode 44 includes a substrate 46, a well 48
defining a fin 50, a source 52, a drain 54, and a gate oxide 56
(i.e., gate). In an embodiment, the substrate 46 is formed from
silicon or a silicon-containing material. In an embodiment,
the substrate 46 and the well 48 are each doped as p-type. In
an embodiment, the well 48 may be more heavily doped than
the substrate 46.

As shown, the source 52 is generally formed over the well
48 and disposed on a first side 58 of the fin 50 while the drain
54 is generally formed over the well 48 and disposed on a
second side 60 ofthe fin 50. In other words, the source 52 and
the drain 54 are disposed on opposing sides of the fin 50. In an
embodiment, the source 52 is doped as an n-type. In an
embodiment, the drain 54 is doped as a p-type. In an embodi-
ment, the drain 54 is more heavily doped than the well 48
and/or the substrate 46.

In an embodiment, the source 52 is electrically coupled to
avoltage source 62, which is labeled as an Input/Output (I/0)
in FIG. 3. In an embodiment, the voltage source 62 provides
a voltage of greater than about three volts (e.g., 3.3V). In an
embodiment, the drain 54 and the gate oxide 56 are each
coupled to a ground 64, which is labeled as Vs is FIG. 3. Due
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to these electrical connections, a channel 66 may be formed in
and through the fin 50 between the source 52 and the drain 54.

Still referring to FIG. 3, the gate oxide 56 is generally
formed over the fin 50. In an embodiment, the gate oxide 56
engages or abuts the fin 50. As shown in F1G. 3, the gate oxide
56 is laterally spaced apart from the source 52 by a back off
region 68 of the fin 50. As such, the gate oxide 56 generally
covers a first portion of the fin top surface 70 and leaves a
second portion of the fin top surface 70, which corresponds to
the back off region 68, uncovered by the gate oxide 56. In
other words, only part of the fin top surface 70 of the fin 50 is
covered by the gate oxide 56.

In an embodiment, the gate oxide 56 covers the portion of
the fin 50 immediately adjacent to the drain 54. Indeed, in an
embodiment an outer sidewall of the gate oxide 56 is gener-
ally vertically aligned with an inner sidewall of the drain 54.
In an embodiment, the back off region 68 is immediately
adjacent to the source 52. In an embodiment, the width of the
back off region 68 is less than the width of the gate oxide 56.

Referring now to FIG. 4, a top plan view of the gated diode
10 of FIG. 1 is provided. As shown in FIG. 4, the width of the
gate oxide 22 disposed between the source 18 and the drain 20
is approximately 136 nanometers (nm). Referring now to
FIG. 5, a top plan view of the STI diode 28 of FIG. 2 is
provided. As shown in FIG. 5, the width of an Epi block
between the source 36 and the drain 38 is approximately 144
(nm), the lateral space between neighboring fins is approxi-
mately 66 nm, and a length of the fins projecting into the Epi
block is approximately 39 nm.

Referring now to FIG. 6, atop plan view of the embodiment
diode 44 of FIG. 3 is provided. As shown in FIG. 6, the width
of'the Epi block is approximately 144 nm while the width of
the gate oxide 56 is approximately 36 nm. As such, the width
of the uncovered portion of the fin in the embodiment diode
44 is 108 nm. Depending on desired device parameters, other
dimensions may be used for the embodiment diode 44 and
those shown in FIG. 6 are not meant to be limiting.

Referring now to FIG. 7, a chart 72 comparing the on
resistance (R,,) and reverse leakage current of the gated
diode 10, the STI diode 28, and the embodiment diode 44. As
shown by the chart 72, the embodiment diode 44 has an on
resistance similar to the on resistance of the gated diode 10
and far less than the on resistance of the STI diode 28. In
addition, the embodiment diode 44 has a reverse leakage
current similar to the leakage current of STI diode 28 and far
less than the reverse leakage current of the gated diode 10.
Notably, the reverse leakage current in the chart 72 of FIG. 7
is measured while providing approximately 3.3V.

Referring now to FIG. 8, a graphical illustration 74 of an
electrical field across the region of the gate oxide 56 in the
gated diode 10 of FIG. 2 is provided. As shown, the electrical
field is relatively strong. Referring now to FIG. 9, a graphical
illustration 76 of an electrical field across the region of the
gate oxide 56 in the embodiment diode 44 of FIG. 3 is pro-
vided. As shown, the strong electrical field in FIG. 8 is no
longer present.

Referring now to FIG. 10, a method 80 of forming the
embodiment diode 44 of FIG. 3 is illustrated. In block 82, a
well having a first doping type is formed over a substrate
having the first doping type. The well includes the fin 50
having the fin top surface 70. In block 84, the source 52 and
the drain 54 are formed on opposing sides of the fin 50. The
source 52 has a second doping type and the drain 54 has the
first doping type. In block 86, the first portion of the fin top
surface 70 is covered with the gate oxide 56, which leaves a
second portion of the fin top surface 70 corresponding to the
back off region 68 uncovered by the gate oxide 56.
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From the foregoing, it should be recognized that the
embodiment diode 44 provides numerous advantages relative
to conventional diodes such as the gated diode 10 of FIG. 1
and the STI diode 28 of F1G. 2. For example, the embodiment
diode 44 does not suffer from the overstress issue when a
relatively high voltage (e.g., 3.3V) is supplied. In addition,
the embodiment diode 44 has a lower reverse leakage current
compared to the gated diode 10. The embodiment diode 44
also has an on resistance (R ,,) that is approximately one third
of the on resistance of the STI diode 28. Moreover, no addi-
tional mask or process is needed when forming the embodi-
ment diode 44.

An embodiment integrated circuit includes a well having a
first doping type formed over a substrate having the first
doping type, the well including a fin, a source formed over the
well on a first side of the fin, the source having a second
doping type, a drain formed over the well on a second side of
the fin, the drain having the first doping type, and a gate oxide
formed over the fin, the gate oxide laterally spaced apart from
the source by a back off region of the fin.

An embodiment a well having a first doping type formed
over a substrate having the first doping type, the well includ-
ing a fin having a fin top surface, a source and a drain formed
on opposing sides of the fin, the source having a second
doping type and the drain having the first doping type, and a
gate oxide covering a first portion of the fin top surface and
leaving a second portion of the fin top surface corresponding
to a back off region uncovered by the gate oxide.

An embodiment method of forming an integrated circuit
includes forming a well having a first doping type over a
substrate having the first doping type, the well including a fin
having a fin top surface, forming a source and a drain on
opposing sides of the fin, the source having a second doping
type and the drain having the first doping type, and covering
a first portion of the fin top surface with a gate oxide and
leaving a second portion of the fin top surface corresponding
to a back off region uncovered by the gate oxide.

In an embodiment, an integrated circuit is provided. The
integrated circuit includes a first source/drain region having a
first conductivity type, a second source/drain region having a
second conductivity type, the first conductivity type being
different than the second conductivity type, and a channel
region interposed between the first source/drain region and
the second source/drain region, the channel region having the
second conductivity type. The second source/drain region has
a higher dopant concentration of the second conductivity type
than the channel region. The integrated circuit further
includes a gate dielectric over the channel region, the gate
dielectric having a first edge closest to the first source/drain
region and a second edge closest to the second source/drain
region, wherein the first edge is laterally offset from the first
source/drain region in a plan view; and a gate electrode over
the gate dielectric, and wherein the gate electrode and the
second source/drain region are connected to a first node.

In yet another embodiment, a method of forming an inte-
grated circuit is provided. The method includes forming a fin,
forming first source/drain region in the fin, the first source/
drain region having a first conductivity type and forming a
second source/drain region in the fin, the second source/drain
region being spaced apart from the first source/drain region
by a channel region, the second source/drain region and the
channel region having a second conductivity type. A gate
dielectric is formed over the channel region, the gate dielec-
tric being spaced apart from an interface between the first
source/drain region and the channel region in a plan view. The
method further includes forming a gate electrode over the
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gate dielectric and electrically coupling the gate electrode and
the second source/drain region.

In yet still another embodiment, a method of forming an
integrated circuit is provided. The method includes forming a
first source/drain region having a first conductivity type and
forming a second source/drain region spaced apart from the
first source/drain region by a channel region, the second
source/drain region and the channel region having a second
conductivity type, the first source/drain region and the chan-
nel region having a first interface, the second source/drain
region and the channel region having a second interface. A
gate dielectric is formed over the channel region, the gate
dielectric being spaced apart from the first interface by a back
off region in a plan view. The method further includes form-
ing a gate electrode over the gate dielectric and electrically
coupling the gate electrode and the second source/drain
region.

While the disclosure provides illustrative embodiments,
this description is not intended to be construed in a limiting
sense. Various modifications and combinations of the illus-
trative embodiments, as well as other embodiments, will be
apparent to persons skilled in the art upon reference to the
description. It is therefore intended that the appended claims
encompass any such modifications or embodiments.

What is claimed is:

1. An integrated circuit comprising:

a first source/drain region having a first conductivity type;

a second source/drain region having a second conductivity
type, the first conductivity type being different than the
second conductivity type;

a channel region interposed between the first source/drain
region and the second source/drain region, the channel
region having the second conductivity type, the second
source/drain region having a higher dopant concentra-
tion of the second conductivity type than the channel
region;

a gate dielectric over the channel region, the gate dielectric
having a first edge closest to the first source/drain region
and a second edge closest to the second source/drain
region, wherein the first edge is laterally offset from an
interface between the channel region and the first source/
drain region in a plan view; and

a gate electrode over the gate dielectric, wherein the gate
electrode and the second source/drain region are con-
nected to a first node.

2. The integrated circuit of claim 1, wherein the first
source/drain region is electrically coupled to a voltage source
of greater than about three volts.

3. The integrated circuit of claim 1, wherein the first node
is electrically coupled to a ground.

4. The integrated circuit of claim 1, wherein the first con-
ductivity type is n-type and the second conductivity type is
p-type.

5. The integrated circuit of claim 1, wherein a first distance
from the first source/drain region to the gate dielectric is
greater than a width of the gate dielectric.

6. The integrated circuit of claim 1, wherein a sidewall of
the gate dielectric is vertically aligned with a sidewall of the
second source/drain region.

7. The integrated circuit of claim 1, wherein a top surface of
the channel region is planar.

8. A method of forming an integrated circuit, the method
comprising:
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forming a fin;

forming first source/drain region in the fin, the first source/

drain region having a first conductivity type;

forming a second source/drain region in the fin, the second

source/drain region being spaced apart from the first
source/drain region by a channel region, the second
source/drain region and the channel region having a
second conductivity type, the first conductivity type
being an opposite conductivity type of the second con-
ductivity type;

forming a gate dielectric over the channel region, the gate

dielectric being spaced apart from an interface between
the first source/drain region and the channel region in a
plan view;

forming a gate electrode over the gate dielectric; and

electrically coupling the gate electrode and the second

source/drain region.

9. The method of claim 8, further comprising electrically
coupling the gate electrode and the second source/drain
region to ground.

10. The method of claim 8, further comprising electrically
coupling the first source/drain region to a voltage source
greater than about three volts.

11. The method of claim 8, wherein the first conductivity
type is n-type and the second conductivity type is p-type.

12. The method of claim 8, wherein a first distance from the
first source/drain region to the gate dielectric is greater than a
width of the gate dielectric.

13. The method of claim 8, wherein a top surface of the
channel region is planar.

14. A method of forming an integrated circuit, the method
comprising:

forming a first source/drain region, the first source/drain

region having a first conductivity type;

forming a second source/drain region spaced apart from

the first source/drain region by a channel region, the
second source/drain region and the channel region hav-
ing a second conductivity type, the first conductivity
type being different from the second conductivity type
the first source/drain region and the channel region hav-
ing a first interface, the second source/drain region and
the channel region having a second interface;

forming a gate dielectric over the channel region, the gate

dielectric being spaced apart from the first interface by a
back off region in a plan view;

forming a gate electrode over the gate dielectric; and

electrically coupling the gate electrode and the second

source/drain region.

15. The method of claim 14, further comprising electrically
coupling the gate electrode and the second source/drain
region to ground.

16. The method of claim 14, further comprising electrically
coupling the first source/drain region to a voltage source
greater than about three volts.

17. The method of claim 14, wherein the first conductivity
type is n-type and the second conductivity type is p-type.

18. The method of claim 14, wherein a width of the back off
region is greater than a width of the gate dielectric.

19. The method of claim 14, wherein a top surface of the
channel region is planar.

20. The method of claim 14, wherein an edge of the gate
dielectric is aligned with the second interface.
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